The Pareto Principle, also known as the 80/20 rule is currently an important and popular management rule applied to marketing and customer relationship management (CRM). The rule indicates that the vital few causes inputs or efforts bringing the most results, outputs, or rewards. Analyzing circulation data to understand the usage status of library collections can help libraries comprehend their patrons' behaviour. However, little research has been done to analyse circulation data of public libraries to reveal patrons' usage behaviours. This paper aimed to analyse the circulation data generated by a municipality public library in Taiwan to gauge if the Pareto Principle manifested in this context. Subsequently, using bibliomining analysis, this research further identified vital patrons and their characteristics, as well as book-borrowed distributions to help analyse patrons' book borrowing behaviour to improve the efficiency of library management and library marketing as well as CRM. The circulation data of the public library follows the Pareto Principle, approximating to the 80/20 rule. Findings showed that when the accumulative percentage of patron is 24.7 percent, the accumulative percentage of borrowed books is 75.3 percent. The vital few patrons borrow the majority of the collections. This paper is the first study to reveal that the Pareto Principle could be found in circulation data of a public library in Taiwan. It could help libraries identify vital patrons and major collections, and improve the efficiency of their management and marketing activities in future. For other types of libraries, it would be interesting for us to explore the existence of the Pareto Principle further.
INTRODUCTION
In recent years, the concept of the Pareto Principle has become a popular guideline or tool in multiple business areas and the social context. The 80/20 rule indicates that there is an unbalanced relationship between causes and results or between efforts and rewards: specifically, it maintains that 80 percent of rewards usually come from 20 percent of efforts, and the other 80 percent of efforts only produce 20 percent of the results. Therefore, if one could recognize, focus on, and control the vital 20 percent of efforts, her or she would obtain greater profits or efficiency. Similarly, if one could reform the 80 percent of effort exerted in vain, he or she would decrease losses. Many natural phenomena have been shown empirically to exhibit such a distribution.
Can the Pareto Principle be applied in the library and information service context? In recent years, a great deal of research has analysed library data and uncovered a variety of trends, patterns, and relationships. Bibliomining, or data mining in libraries, is the application of data mining techniques to data produced from library services (Nicholson 2003; Nicholson 2006; Shieh 2009 ). By applying statistics, bibliometrics, or data mining tools, libraries can better understand usage patterns and rules, enabling library managers to make decisions to meet user needs based on those mining results (Arsenova 2013; Zhang and Wang 2013; Xiang and Hao 2014; Hajek and Stejskal 2017) . However, quality decisions must be based on quality data. Data processing is an important step in the knowledge discovery process (Han, Pei and Kamber 2011; Pandey 2014; Bajpai and Metkewar 2016) . Identifying vital data and reducing the data to be analysed can lead to huge decision-making payoffs. Identifying vital patrons and core collections would allow library managers to provide better services.
Examining checkout distributions of circulation data helps libraries understand user behaviours. Previous discussions of data mining applications in academic libraries have emphasized usage analysis (Siguenza-Guzman et al. 2015) . There have been a number of studies that have investigated usage analysis of academic libraries (Ahmad, Brogan and Johnstone 2014; Ping 2015; Al-Daihani and Abrahams 2016; Wu, Hu and Wang 2017) . Renaud et al. (2015) analysed data from a university library and revealed the distributions of check-out activities based on criteria such as user type, academic department, Library of Congress classification, material type and material life span. They also correlated the findings with student grade point averages. Goodall and Pattern (2011) analysed the usage data of electronic resources, book loans, and visits in an academic library and correlated these data points with academic achievement. However, previous studies have mostly neglected to analyse circulation data in public libraries. In comparison with academic libraries, public libraries provide services to a wide range of users. Before data mining and data analytics, Page | 99 segmenting these various users and collections would conduct meaningful results. At present research focusing on this issue is still uncommon.
This study aims to discern if there are vital few patrons who borrow most of the collection, and to identify the vital patrons and their characteristics and book-borrowed distributions.
Specifically, the objective of this study is to analyse the circulation data of public libraries and to examine whether the phenomenon of Pareto Principle could be found. If the Pareto Principle as conceptualized for this study could, in fact, be used to study patron patterns, this rule can serve as a much needed tool for public libraries to target patrons and effectively market their services. In view of the objective outlined above, three research questions are posed: 
LITERATURE REVIEW
The 80/20 rule originated from the Pareto Principle, named after the Italian economist Vilfredo Pareto who identified a general imbalance in property allocation: most (80%) wealth belongs to a few (20%) people. This model of imbalance has been observed repeatedly (Koch 1998; Nash 2016) . In 1941, management consultant Joseph M. Juran applied this principle to quality management issues. He believed the principle of "the vital few and the trivial many" was universal (Koch 1998) . In the late 1940s, Juran named his notion of "the vital few and the trivial many" as Pareto Principle after the Italian economist. The 80/20 rule is an extension of the Pareto Principle developed by Richard Koch based on a theoretical view of Pareto and Juran, which he publicized in "The 80/20 Rule Principle -The Secret of Achieving More with Less." Koch (1998) noted that few causes, inputs, or efforts could bring most results, outputs, or rewards. The 80/20 rule indicates that there is always an imbalance between causes and results, between inputs and outputs, or between efforts and rewards.
The relationship between 80 percent and 20 percent provides a credible point of this phenomenon of imbalance: generally, 80 percent of outputs come from 20 percent inputs; 80 percent of results come from 20 percent of causes; and 80 percent of achievements come from 20 percent of efforts. Koch (1998) pointed out that the 80/20 rule could be applied in either the business or social context and in various fields. For example In business, 80 percent of a company's profits come from 20 percent of its customers, 80 percent of revenues come from 20 percent of the products, and 80 percent of sales come from 20 percent of the sellers (Koch 1998; Kim, Singh and Winer 2017) . In quality management, 80 percent of the problems come from 20 percent of the faults (Koch 1998) . In computer science, most software takes 80 percent of the time to run 20 percent of the programs (Koch 1998; Yamashita et al. 2015) . In society, 80 percent of the crimes are 20 percent of the crimes behaviours, and 20 percent of drivers cause 80 percent of traffic accidents (Koch 1998) . The unbalanced relationship between efforts and rewards or causes and results makes delineating the vital few very important. A successful company uses less effort to achieve high profits. Companies may improve profitability by reducing outputs or unbalancing employee salaries. To achieve this goal, they must identify which employees, departments, or units produce the most profits and provide them more resources, because concentrating on the groups of customers and the specific markets that are profitable can substantially improve a company's bottom line, having insight into the vital few is an important issue. Several studies also have suggested the benefit of applying the 80/20 rule (Yamashita et al. 2015; Kim et al. 2017; Mesbahi, Rahmani and Hosseinzadeh 2017) .
The study of the Pareto Principle in libraries was initialized by Trueswell (1969) who applied the 80/20 rule to address the relationship between library collections and circulation numbers. Trueswell (1969) noted that about 20 percent of collections bring 80 percent of circulation numbers (Nash 2016) . Hardesty (1981) traced the book acquisitions and circulations of a university for five years. He found that 30 percent of books accounted for 80 percent of circulation. In recent years, Singson and Hangsing (2013; analysed usage patterns of electronic journals academic consortia. They found out that the user downloads for some publishers follow the 80/20 rule. The few core journals were downloaded the most.
Some research suggested the 80/20 rule could be used to identify the core collections within libraries. Burrell (1985) This study concerns with the marketing of libraries and thus mainly examines the Pareto Principle based on the patrons' viewpoint.
MATERIALS AND METHOD
A public library in Taiwan is chosen as the case setting; it is located in a developing city that has a large area and fast-growing population. There are approximately 30 districts in the city, each district owns at least one library branch. The main library is located in the same district with the city government, and there are more than 100 library branches and reading rooms over the whole city. Reading rooms are small branches with smaller scale, which can serve in various regions and touch different kinds of people.
There are four types of data used in this study and they come from the following dataset: To preserve data privacy, the data went through pre-processing before they were obtained and processed by the researchers. The data used for data mining were first processed with one-way hashing function by the library (the raw data owner) and then the subset data were provided for the study. Columns that may have identified someone by providing information such as patron names, addresses, or phone numbers were deleted. Furthermore, patron corresponding data and branch names had been translated into substituted codes by some one-way hash functions respectively (Schneier 2015) . The analysis also takes in the patrons who borrowed 80 percent of items in the leaderboard and considers the characteristics of these patrons such as gender, occupation, and districts.
The database system used in this study is Microsoft SQL Server 2014. The data mining and analysis tools used are Microsoft SQL Server Data Tools (SSDT) and Microsoft Excel 2016 respectively. The researchers adopted a PC workstation with Intel Core i7-7700 CPU, 16G memory and 1T SSD to support database system operation, data processing and analysis tasks.
RESULTS AND DISCUSSIONS

The Pareto Principle
The patrons are ranked according to the number of items they borrow and the following are calculated -the accumulative total of patrons, the accumulative total of items, the accumulative total percentage of patrons, and the accumulative total percentage of items. Table 1 , when the accumulative percentage of patrons is 24.69 percent, the accumulative percentage of items is 75.31 percent. That the accumulative percentage of patrons and the accumulative percentage of items is 100 percent demonstrates that the circulation data of the public library follow the Pareto Principle approximating to 80/20 rule.
As shown in
In other words, the vital few patrons account for most of the borrowings. The data in which the accumulative percentage of patrons is 20 percent and the accumulative percentage of items is 80 percent are also shown in Table 1 . This study also analyses the data for each year separately (Table 2) . For the first year, when the accumulative percentage of patrons is 26.76 percent, the accumulative percentage of items is 73.24 percent, and the sum of these two percentages is 100 percent. For the second year, when the accumulative percentage of patrons is 26.17 percent, the accumulative percentage of items is 73.83 percent, and the sum of these two percentages is 100 percent.
Although the percentage is a little different in each year, they can be explained by the 80/20 rule. Overall, the findings indicate that the circulation data of public libraries adhere to the Pareto Principle.
In summary, the percentage following the 80/20 rule for the two years examined is 75.3/24.7.
For the first year and the second year, the percentages are 73/27 and 74/26 separately. These findings indicate that a few patrons would borrow the most items in the public library. The application of 80/20 rule to identify the vital few patrons can significantly improve organizational efficiency, and the public library managers would certainly benefit from embracing this approach. In doing so, they could not only improve utilization but also give vital patrons more proper services. Identifying and understanding these patrons may help the library target users and market library services to them efficiently.
The characteristics of these top 24.7 percent of patrons are analysed. most of the patrons were born in the 1970s, followed by the 2000s, and the percentage of female patrons is higher than that of males. Table 4 shows the results of the distributions of the top 24.7 percent of patrons by types and occupations. Most of the top patrons are general patrons, followed by families. By occupation, students borrow the most, followed by businesses and finance and then children. This is consistent with the findings in the next stage of analysis: families and children are vital patrons and children's books are also a popular material type. For public libraries, categorizing patrons is important because it enables them to develop collections for specific patrons, and recommend specific collections to targeted patrons. 
(b) Bibliomining Analysis of Patrons
To know the characteristics of these patrons, clustering of data mining techniques are applied to these 24.7 percent patrons. They are divided into four groups by K-means algorithm. Input variables are ages, occupations, and gender. The results are shown in Table   6 . The same clustering method was applied to all patrons who borrowed at least one item. The list of clustering results in Table 7 shows a great difference when compared with the previous results in Table 6 , indicating that using 20/80 rule could point out the vital patrons. (860). Table 9 shows the distributions of popular items in the second layer classification. In the third layer classification, items borrowed more than 100,000 times belong to Fiction (857), Chinese Children literature (859), Japanese literature (861), and American literature (874). Table 10 shows the top 30 in the third layer classification and the number of items borrowed.
(b) Bibliomining Analysis of Collections Borrowed
The association rules of data mining techniques were applied to the collections borrowed by 24.7 percent patrons, using the second classification number as bases to see the association patterns. Taking one association rule for example, "820,690→850" has the highest confidence, i.e. 0.996. That means, among the vital patrons who had borrowed books of classification number 820 (Chinese literature) and 690 (Chinese travels), 99.6 percent of them also borrowed books of classification number 850 (Various Chinese literature). 
CONCLUSION
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